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(57) Abstract 

This invention relates to a method and apparatus for de- 
tecting DNA hybridisation and may be suitable for the detection 
of genetic defects. The invention provides a method of DNA hyb- 
ridisation detection without the use of radioactive isotopes and 
includes the steps of: denaturing a specimen of DNA; contacting 
the specimen with an elec^ochemical electrode; measuring a ref- 
erence polarographic signal characteristic of ssDNA; contacting 
the sample with an oligonucleotide probe under conditions where 
hybridisation may occur; removing any excess reagents; obtain- 
ing a polarographic signal from the electrode and comparing the 
signal with the reference signal. 
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ELECTROCHEMICAL DETECTION OF DNA HYBRIDISATION 

This invention relates to electrochemical detection of 
DNA hybridisation. The invention also relates to apparatus for 
detection of DNA hybridisation and to the use of the method for 
detection of genetic defects, 

DNA analysis is attaining increased importance in the 
diagnosis of disease. Over 4000 single gene defects have been 
implicated in the pathology of human inherited disease. 
Diagnosis of several genetic diseases can be carried out using 
DNA technology. Commonly used methods include restriction 
fragment length polymorphism (RFLP) analysis, polymerase chain 
reaction (PGR) techniques and gene probe/hybridisation 
analysis. Applicability of any one of these techniques to 
diagnosis depends to a large extent on the complexity of the 
genetic defect in question. For diseases where the precise 
genetic defect is known and proves to be a simple mutation 
(for example in sickle cell anaemia and phenylketonuria), both 
PGR and direct hybridisation techniques can be applied. PGR 
diagnosis generally involves the amplification reaction (PGR) 
followed by a gel electrophoresis step. Hybridisation analysis 
of DNA without any need for electrophoresis, or immediately 
following PGR amplification would provide more rapid analysis 
time thereby hastening diagnosis. 

The use of oligonucleotide probes to detect the presence 
of specific genes involves a procedure called hybridisation. 
Under appropriate conditions of pH, temperature and ionic 
strength single stranded DNA fragments will hydrogen bond or 
hybridise with complementary single stranded pieces of DNA. 
The stability of the double stranded complex or hybrid, depends 
upon the degree of complementarity between the two nucleic acid 
strands. By increasing the pH or temperature, or by lowering 
the ionic strength, the conditions of hybridisation may be made 
more or less stringent. Under more stringent conditions, the 
two strands of an imperfectly matched hybrid will dissociate 
whereas two more perfectly complementary strands will remain in 
duplex form. 
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In practice, the test DNA is first denatured (rendered 
single stranded) with heat and is mixed with the probe. Under 
appropriate conditions the nucleic acid probe is then allowed 
to hybridise with any complementary sequences which might be 
present in the test DNA. The prototype of this method is the 
widely used Southern blot technique. 

Hybridising of fragments within the test DNA may be detected by 
a variety of methods. The most common method is that of 
labelling the probe with a radioactive phosphorus, Nick 
translation is a commonly used labelling procedure. In this 
method unlabelled nucleotides in the DNA probe are replaced by 
labelled ones. The sequence of the probe is not changed and 
probes with specific activities of the order of 10* to 10^ 
cpm/jtzg of DNA may be generated allowing a detection of <100pg 
of target sequence (about lO'^fmol of a lOkb DNA fragment). 
Other labelling procedures have been devised - 

Although radiolabelled probes allow the sensitive 
detection of complementary sequences there are some notable 
disadvantages. The radiation hazard associated with ^P 
requires that laboratory personnel are appropriately shielded 
and monitored. Provision must also be made for radioactive 
waste disposal. In addition, the short half-life of ^P (14-31 
days) requires that fresh probe have to be prepared at frequent 
intervals . 

Non-radioactive methods have been introduced to 
circumvent problems associated with radioactivity, for example, 
enzymatic incorporation of biotinylated nucleotides or 
digoxigenated{ DIG) -nucleotides into a probe. Probes in a 
stable hybrid are then detected by means of avidin or 
streptavidin for biotin or anti-DIG antibody labelled with a 
fluorophore or enzymes such as horse-radish peroxidase or 
alkaline phosphatase. The detection sensitivity of these 
methods is comparable to ^P labelled probes. Another non- 
radioactive method has involved direct coupling of enzymes to 
single stranded DNA probes followed by colorimetric detection 
after hybridisation. Incorporation of fluorophores into 
synthetic probes and the use of chelated rare earth metals 
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allow detection of hybridisation by fluorimetry and time 
resolved fluorimetry respectively. 

When analysis is carried out by current methods of DNA 
probe hybridisation, a result is generally not achievable in 
less than six days. A Southern blot analysis of genomic DNA 
may take five to ten days. Time consuming steps in the 
procedure include DNA extraction, restriction enzyme digestion 
and gel electrophoresis, transfer and hybridisation. Each of 
these steps requires about one day to complete, in addition, to 
from one to seven days for auto-radiographic exposure of the 
hybridised blot. Combined PGR and hybridisation procedures may 
be performed in approximately 2 hours, but this must be 
followed by the time required for detection of the labelling 
system in use. There is a need not only for the development of 
non-radioactive detection methods but also for more rapid 
analysis if nucleic acid hybridisation is to become a routine 
procedure . 

Studies of the properties of DNA using polarographic 
(voltammetric) methods have achieved considerable progress. 
The electroactive groups in nucleotides are the bases, while 
deoxyribose and phosphate groups are polarographically non- 
reducible. The electrochemistry of DNA was initially 
investigated by the technique of linear sweep (Is) polarography 
in which a dropping mercury electrode (DME) was polarised with 
a linearly changing voltage. With this technique thermally 
denatured DNA, which is single stranded (ssDNA), was observed 
to give a reduction current in the presence of 300mM ammonium 
formate at neutral pH, whereas double streuided DNA (dsDNA) was 
inactive under the same conditions. The difference in 
behaviour between dsDNA and ssDNA was most likely due to the 
accessibility of the bases in the two different forms. 

Ls polarography is an insensitive technique for DNA 
investigations. Better results have been obtained using 
differential pulse polarography (dpp). Both ssDNA and dsDNA 
give a well defined peak but at widely different potentials. 
For calf thymus DNA, ssDNA{ 30/ug/ml ) yields a peak at about - 
1.4V while a much smaller peak is observed with dsDNA 
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(350-^g/ml) at about -1.3V. 

The techniques of adsorptive stripping voltammetry (AdSV) 
and adsorptive transfer stripping voltainmetry (AdTSV) have 
resulted in a large increase in the sensitivity of 
electrochemical analysis of nucleic acids, with potential 
detection limits of subnanogram quantities of DNA. 

According to a first aspect of the present invention 
there is provided a method of detecting DNA hybridisation which 
includes the steps of: 

denaturing a specimen of DNA; 

contacting the specimen with an electrochemical 
electrode; 

measuring a reference polarographic signal characteristic 
of ssDNA; 

contacting said sample with an oligonucleotide probe 
under conditions where hybridisation may occur; 
removing any excess reagents; 

obtaining a polarographic signal from said electrode; 

and, 

comparing said signal with the reference signal. 

Electrochemical DNA biosensors have wide application in 
DNA diagnostics, particularly in routine nucleic acid sequence 
detection procedures that are accurate, sensitive, rapid and 
economical. Biosensors in accordance with the present 
invention not only eliminate use of radio isotopes but also 
avoid the need for time consuming detection steps. 
Electrophoresis and transfer of digested DNA to nitrocellulose 
is not required. Immobilised probes may be employed so that 
minimal sample prepeiration is necessary. 

The polarographic signal is preferably obtained by square 
wave voltammetry, square wave adsorptive stripping voltammetry 
and square wave adsorptive transfer stripping voltammetry. 

The oligonucleotide probe may be provided in solution. 
In preferred embodiments of the invention the oligonucleotide 
probe is immobilised on or adjacent the electrode. 
Carbodiimide mediated end attachment of DNA to cellulose is an 
appropriate method whereby immobilised probes may be obtained. 
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This method has the advantage that screen printed electrodes 
can be produced in large volumes at low cost. Alternative 
methods of immobilisation may use such solid supports as 
Sephacryl, Sephadex and controlled pore glass. Quantification 
of the immobilised DNA may be carried out using the nuclease 
assay described by Bunemann (Nucl. Acids Res. 10, 7163 to 7180), 
Platinum or other conventional electrodes may be used in 
accordance with this invention. More preferably carbon 
electrodes may be used as these facilitate manufacture by 
screen printing. Preferred carbon electrodes include glassy 
carbon , pyroly tic graphite and wax impregnated spectoscopic 
graphite. 

According to a second aspect of the present invention a 
DNA hybridisation detection system includes a support carrying 
a carbon electrode and an immobilised oligonucleotide probe 
located on or adjacent said electrode. 

According to a third aspect of the present invention 
there is provided use of electrochemical detection of DNA 
hybridisation for detection of a genetic defect in a specimen 
of DNA. 

Particular defects include physical disorders associated 
with Beta-globin (sickle cell anaemia), tyrosinase, 
phenylalanine hydroxylase (phenylketonuria) and adenosine 
deaminase (combined immunodeficiency). 
A preferred method involves the steps of: 

isolation of test DNA; 

digestion with restriction endonuclease to form DNA of 
appropriate sizes; 

denaturation and hybridisation with oligonucleotide probe 
immobilised on an electrode; 

washing to remove unbound nucleic acid; 

electrochemical measurement of the immobilised probe 
before and after hybridisation. 

The method may comprise the step of washing to remove 
unbound sample nucleic acid. 

The method is further described by means of example but 
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not in any limitative sense with reference to the accompanying 
drawings of which: 

Figure 1 is a voltammogram for native and heat denatured 
calf thymus DNA.; 

Figure 2 is a DNA calibration curve using- OSWV; and f 
Figure 3 is a scheme illustrating the present invention. 
Figures 1 and 2 illustrate experimental results obtained 
with a glassy carbon electrode. Osteryoung square wave 
voltammograras for (A) native and (B) heat denatured calf thymus 
DNA were measured at a DNA concentration of 600 jigcm'^ in 0.5M 
sodium acetate buffer at pH 5.0. Peaks 1 and 2 shown in Figure 
1 correspond to oxidation of guanine and adanine respectively. 
The step potential was 4mV, the amplitude was 25mV and the 
frequency was 12Hz. 

Figure 2 is a DNA calibration curve obtained using 
Osteryoung square wave voltammetry. Curve A is the current 
obtained at peak 1 of Figure 1 and curve B is the peak 2 
current. Measurements were ccurried out in 0.5M sodium acetate 
buffer at pH 5.0- The step potential was 4mV, the amplitude 
25mV and frequency 250H2. 

Figure 3 is a scheme illustrating use of the present 
invention. An electrode with a specific immobilised DNA probe 
1 is contacted with a DNA sample to be analyzed. The sample 
may be amplified by PGR if necessary. An initial reading 2 
from the electrode shows presence of peaks 1 and 2 as shown in 
Figure 1 , Incubation of the electrode and DNA sample under 
stringent hybridisation conditions will result in 

hybridisation of the immobilised DNA on the probe with any 
complimentary strands present in the sample. If no 
hybridisation occurs the second electrochemical reading 3 will 
be similax to the initial reading 2. This would demonstrate 
the absence of the genetic defect characterised by the DNA 
immobilised on the probe. Occurrence of hybridisation removes % 
or substantially reduces peaks 1 and 2 from the second 
electrochemical reading as shown in 4. This demonstrates 
hybridisation of the immobilised DNA showing the presence of 
the genetic defect. 
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CLAIMS : 

1 . A method of detecting DNA hybridisation including the 
steps of: 

denaturing a specimen of DNA; 

contacting the specimen with an electrochemical 
electrode; 

measuring a reference polarographic signal characteristic 
of ssDNA; 

contacting said sample with an oligonucleotide probe 
under conditions where hybridisation may occur; 
removing any excess reagents; 

obtaining a polarographic signal from said electrode; 

and, 

comparing said signal with the reference signal . 

2- A method of detecting DNA hybridisation as claimed in 
claim 1 , wherein the polarographic signal is obtained by square 
wave voltammetry, square wave adsorptive stripping voltammetry, 
or square wave adsorptive transfer stripping voltammetry. 

3, A method of detecting DNA hybridisation as claimed in 
claim 1 or claim 2, wherein the -oligonucleotide probe is 
provided in solution. 

4. A method of detecting DNA hybridisation as claimed in any 
of claims 1 to 3, wherein the oligonucleotide probe is 
immobilised on the electrode, 

5, A method of detecting DNA hybridisation as claimed in any 
of claims 1 to 4, wherein the oligonucleotide probe is 
immobilised adjacent the electrode. 

6. A method of detecting DNA hybridisation as claimed in any 
of claims 1 to 5, wherein immobilised probes are obtained by 
carbodiimide mediated end attachment of DNA to cellulose. 



SUBSTITUTE SHEET 



wo 93/20230 



-8- 



PCr/GB93/00631 



7. A method of detecting DNA hybridisation as claimed in any 
one of claims 1 to 6, wherein the electrodes are composed of 
glassy carbon, pyrolitic graphite, or wax impregnated 
spectoscopic graphite. 

8. A DNA hybridisation detection system which includes a 
support; a carbon electrode and an immobilised oligonucleotide 
probe being located adjacent said electrode. 

9. A method of electrochemical detection of DNA 
hybridisation for detection of a genetic defect in a specimen 
of DNA which includes the steps of: 

isolation of test DNA; 

digestion with restriction endonuclease to form DNA of 
appropriate sizes; 

denaturation and hybridisation with oligonucleotide probe 
immobilised on an electrode; 

washing to remove unbound nucleic acid; 

electrochemical measurement of the immobilised probe 
before and after hybridisation. 
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